The study evaluates the triggering and characteristics of secondary oesophageal peristalsis in 25 healthy volunteers. Secondary peristalsis was stimulated by rapid intraoesophageal injection of boluses of air and water, and by a five second oesophageal distension with a ballon. Air and water boluses triggered secondary peristalsis that started in the proximal oesophagus regardless of injection site. Response rates were volume dependent with 83% of the 20 ml air boluses triggering secondary peristalsis compared with 2% for the 2 ml water bolus (p<00001). Response rates for air and water were similar for equal bolus volumes and were not influenced by the site of injection. In contrast, balloon distension usually induced a synchronous contraction above the balloon, with secondary peristalsis starting below the balioon after deflation. The peristaltic response rate to balloon distension was also volume dependent and the middle balloon was more effective in triggering secondary peristalsis than either the upper or lower balloons (p<0001). Secondary peristaltic amplitude was less than that of primary peristalsis (p<0 001). Secondary peristaltic velocity with a water bolus was slower (p=0 001) than that of primary peristalsis. Intravenous atropine significantly reduced secondary peristaltic responses to all stimuli. There was also a significant reduction in pressure wave amplitude for air stimulated secondary peristalsis while those for the water responses were similar. Secondary peristaltic velocity with air and water boluses was not changed by atropine. The reproducibility of testing secondary peristalsis was examined six volunteers and did not show any significant differences on separate test days in response rate and peristaltic amplitude or velocity. It is concluded that in normal subjects, secondary peristalsis can be more reliably triggered by intraoesophageal air or water infusion than balloon distension.
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The study evaluates the triggering and characteristics of secondary oesophageal peristalsis in 25 healthy volunteers. Secondary peristalsis was stimulated by rapid intraoesophageal injection of boluses of air and water, and by a five second oesophageal distension with a ballon. Air and water boluses triggered secondary peristalsis that started in the proximal oesophagus regardless of injection site. Response rates were volume dependent with 83% of the 20 ml air boluses triggering secondary peristalsis compared with 2% for the 2 ml water bolus (p<00001). Response rates for air and water were similar for equal bolus volumes and were not influenced by the site of injection. In contrast, balloon distension usually induced a synchronous contraction above the balloon, with secondary peristalsis starting below the balioon after deflation. The peristaltic response rate to balloon distension was also volume dependent and the middle balloon was more effective in triggering secondary peristalsis than either the upper or lower balloons (p<0001). Secondary peristaltic amplitude was less than that of primary peristalsis (p<0 001). Secondary peristaltic velocity with a water bolus was slower (p=0 001) than that of primary peristalsis. Intravenous atropine significantly reduced secondary peristaltic responses to all stimuli. There was also a significant reduction in pressure wave amplitude for air stimulated secondary peristalsis while those for the water responses were similar. Secondary peristaltic velocity with air and water boluses was not changed by atropine. The Subjects were studied after an overnight fast. After positioning of the manometric assembly and a 10 minute adaptation period, each subject was assessed for both primary and secondary peristalsis. Primary peristalsis was tested with 10, 5 ml water swallows and 10 dry swallows. Each swallow was separated by a 30 second interval.
Secondary peristalsis was triggered by oesophageal distension using three stimuli. In 10 subjects the oesophagus was distended by balloons that were inflated for five seconds to diameters of 1, 2, and 3 cm, corresponding to volumes of 1, 4 5, and 17 ml respectively. In a further 10 subjects, 2, 5, and 10 ml boluses of water and 5, 10, and 20 ml boluses of air were injected rapidly by hand into the oesophagus at levels corresponding to those of the balloons. One subject took part in both protocols. The rate of injection was determined by the volume and viscosity of the stimulus used. The 10 ml water bolus was injected within 1-5 seconds while the injection of the boluses of air was more rapid with the 20 ml bolus injected within 0 5 seconds. Each stimulus was tested in triplicate and was separated by an interval of at least 15 seconds from any preceding primary peristaltic activity. An interval of 20 seconds was permitted after each test for any response to occur. During this time the subjects were instructed not to swallow. After 20 seconds, each stimulus was followed by a dry swallow to clear any residual air or water and reduce the desire to swallow. Subjects were then given intravenous atropine in a bolus dose of 15 [tg/kg followed by an intravenous infusion at 4 [ig/kg/hour,'6 and the stimuli retested in triplicate. The degree of cholinergic blockade was monitored at 15 minute intervals by assessment of pulse rate, pupillary dilatation, and the subject's reporting of mouth dryness and visual blurring. Mouth dryness was self reported and scored on a scale of0-10 with normal being rated at 10 and very dry as zero.
The reproducibility of testing primary and secondary peristalsis was examined in six subjects. Primary peristalsis was tested using water swallows and secondary peristalsis was triggered with rapid bolus injection of 10 ml of air and water into the mid oesophagus. Each stimulus was repeated 10 times and the study performed twice at least one week apart.
DATA ANALYSIS
The contraction amplitude at each recording site and the latency of the wave onset between adjacent recording sites were measured for both primary and secondary peristalsis. Amplitude was measured from basal and expiratory intraoesophageal pressure to the peak of the pressure wave. The onset of the major upstroke of the pressure wave was used as the reference point for determination of the wave latency.
Primary peristalsis was classified as complete if a propagated pressure of , 12 mm Hg in the proximal two oesophageal body channels -25 mm Hg in the distal five oesophageal channels, traversed all the recording sites."7 The minimum latency of wave onset between adjacent recording sites that defined peristaltic progression was set at 0-5 seconds, corresponding to a peristaltic velocity of 6 cm/s. Criteria for failed peristalsis were either failure of a pressure wave, ¢ 12 mm Hg in the proximal two oesophageal channels and ¢e25 mm Hg in the distal five channels, to traverse each of the oesophageal recording sites or synchronous 
Results

PRIMARY PERISTALSIS
In all subjects, complete primary peristalsis occurred with at least eight of 10 water swallows. The mean success rate was 96%. Fig 3) . Table I summarises the mean pressure wave amplitude and propagation velocity. The amplitudes of secondary peristalsis stimulated by air and water were less than that of primary peristalsis. Propagation velocity of secondary peristalsis stimulated by air was similar to that of primary peristalsis while secondary peristalsis stimulated by water was slower than primary peristalsis. The three volumes of air triggered pressure waves of similar amplitude as did the 5 ml and 10 ml water boluses. The 2 ml water bolus, however, triggered only two peristaltic responses. Propagation velocities for all three volumes of air stimulated secondary peristalsis were similar, while the propagation velocity with the 10 ml bolus of water was less than that stimulated by the 5 ml bolus (p=0 04).
Balloon distension
Balloon distension produced a different pattern of secondary peristalsis from that of the air or water boluses (Fig 4) . Characteristically, during distension there was a high amplitude synchronous contraction above the balloon while below there was motor quiescence. After distension, the synchronous contraction above the balloon subsided and a peristaltic contraction wave progressed distally from the level of the balloon. Peristalsis above the balloon was rare and occurred with only two of 270 balloon distensions. Figure 5 shows the response rates for the different motor components. The ability to trigger secondary peristalsis below the balloon was volume dependent with a 3 cm distension more likely to elicit a response than a 1 cm distension (p=0A004). In addition, the middle balloon was more likely to stimulate a peristaltic response than the upper or lower balloons (p=004, Fig 6) . The amplitude of secondary peristalsis elicited by balloon distension was less than that of primary peristalsis, while propagation velocity was similar (Table I) . 
REPRODUCIBILITY
Intrasubject secondary peristaltic response rates did not differ significantly between the first and second test days (Table II) . Similarly, the pressure wave amplitude and velocity of secondary peristalsis was the same on the first and second test days. Clinical assessment 15 minutes after the start of the atropine infusion showed a significant increase in pulse rate (before 69 (3) beats/min, after: 108 (3) beats/min, p=0-0001), mouth dryness (before: 8-5, after: 2, p=0-0001), and pupillary dilatation (before: 4 0 (0 2) mm, after:
4 85 (0 3) mm, p=0 02). Atropine significantly reduced the rate of complete peristaltic responses to all the stimuli (Fig 7) . Primary peristalsis and the secondary peristaltic responses to 5 ml air and water boluses were virtually abolished. The reduction in secondary peristalsis was associated with an increase in the frequency of failed and no responses with the frequency of synchronous responses remaining unchanged. The effect of atropine on the distension induced responses below the balloon was similar to that of the responses to air and water distension (Fig 7) . Above the balloon, atropine significantly reduced the frequency of synchronous responses to balloon distension at all sites with a decrease in mean response frequency from 47 to 18% (p<OO1).
Atropine significantly reduced the amplitude of secondary peristalsis to the air but not water boluses. The number of primary peristaltic responses and secondary peristaltic responses to balloon distension, however, was too few to permit statistical comparison (Table III) . Atropine reduced the amplitudes of the synchronous responses above the middle and lower balloon but had no effect on the amplitude of the synchronous responses above the upper balloon. Atropine had no effect on the propagation velocities for secondary peristalsis.
Discussion
Although it has been almost 90 years since Meltzer's original description of secondary peristalsis,3 remarkably little data exist in published works about the phenomenon. Debate persists about the nature of the oesophageal response and its similarity to primary peristalSiS. 12 21 In this study we examined the oesophageal responses to distension using high fidelity manometry that gave accurate measurement and sensitive spatial resolution of pressures, and investigated the effect of site and volume on the response to three different stimuli. Our findings establish that, with an appropriate stimulus, a secondary peristaltic response can be evoked that has similar manometric characteristics to those of primary peristalsis. The response is reproducible and can be readily incorporated into diagnostic clinical manometric studies.
Our results show that the oesophageal response to distension is variable and influenced by the type of stimulus. When the oesophagus is distended with air or water boluses, a peristaltic response that traverses the entire oesophagus is produced. In contrast, the response to balloon distension is usually characterised by synchronous contractions above the balloon; secondary peristalsis is uncommon and occurs I predominantly below the distension point after deflation. This variability in the response to oesophageal distension explains, at least in part, the conflicting results of previous studies, and shows that oesophageal responses to distention can only be considered in the context of a specified stimulus.
The variability of the response probably arises from the behaviour of the stimulus. The balloon provides a focal stimulus that cannot be moved by any induced motor response. In contrast, air and water disperse along the oesophagus and can be moved ahead of any induced propagated wave. The moving bolus may also serve to reinforce the response in a manner similar to that of water swallows in primary peristalsis.32223 Previous studies suggest that stimulation of the striated muscle segment of the oesophagus may be an important factor in triggering secondary peristalsis through activation of a central reflex pathway.2' 24. The air and water boluses invariably induced a small common cavity pressure rise throughout the oesophagus at the time of injection showing that the striated muscle segment was distended whatever the site ofinjection. The effect was not seen with balloon distension which, in the case of the distal two balloons, would be confined to the smooth muscle segment. Interestingly, however, the balloon distension at the mid oesophagus, was significantly better at stimulating peristalsis than when applied to the upper oesophagus. The reason for this difference is not clear but may relate to the transition from striated to smooth muscle at this level.
The manometric characteristics of complete secondary peristalsis were similar to those to primary peristalsis suggesting common neural mechanisms. In contrast with earlier findings,'2 peristaltic velocity with balloon distension was similar to that for air and water distension and for primary peristalsis. This discrepancy may be explained by differences in data analysis, with our analysis being limited to the mean velocity of the peristaltic responses over the distal 12 cm of the oesophagus rather than between adjacent recording sites. We did not calculate regional differences as the time intervals between contractions at adjacent side holes spaced 3 cm apart, recorded at a paper speed of 5 mm/s, were beyond the limits of accurate resolution using manual analysis. Peristaltic velocity was not influenced by balloon diameter or the size of the air boluses but was slower for the largest water bolus. A similar effect has been seen with primary peristalsis25 and suggests sensory feedback from the oesophageal wall to the intramural neural mechanisms underlying the peristaltic response.
Atropine reduced the frequency of seconday peristalsis triggered by all three stimuli. This effect seemed to be largely a result of a reduction in pressure wave amplitude as the pattern of failure after atropine was usually characterised by focal low amplitude contractions rather than a change in peristaltic velocity or complete peristaltic failure. This response to atropine is consistent with an effect at the level of the smooth muscle. 26 Similar findings have been made in the cat. 24 This reduction in peristaltic response rate might also be explained by either increased oesophageal compliance induced by atropine with subsequent reduction in the number of oesophageal stretch receptors triggered or failure to detect weak non-lumen occluding peristaltic responses. 27 Atropine also decreased the amplitude of the synchronous responses above the balloon. This reduction, however, was seen only with the middle and distal balloons and may reflect inclusion of responses from the proximal part of the smooth muscled portion of the oesophagus. It may also be because of a reduction in the intensity of the stimulus resulting from the effects of atropine on the oesophageal smooth muscle at the site of distension. Consistent with an earlier report,2' atropine did not affect the amplitude of the synchronous responses induced in the striated segment of the oesophagus above the proximal balloon.
Secondary peristalsis is an important mechanism for the clearance of retained material or refluxate from the oesophagus2" and defective secondary peristalsis might be a mechanism contributing to the pathogenesis of reflux disease or dysphagia. Measurement 
